INTRODUCTION {#sec1-1}
============

Gastric ulcers arise due to various factors. Even though the etiology of gastric ulcers is still debated, it is accepted that ulcers are caused due to net imbalances in mucosal aggressive factors and defensive factors. There are variety of drugs like histamine blockers and proton pump inhibitors although has been used for efficient management of gastric ulcer, many of these drugs pose adverse effects like dizziness, drowsiness, gas accumulation, headache, nausea, vomiting, inflammation of the nose, etc. Sooktyn (SKN) is a mineralo-herbal formulation consisting of minerals and herbal plants which has utility in hyperacidity, flatulence, dyspepsia, nausea, vomiting, heart burn, gastro-cardiac symptoms, duodenal and gastric ulcers, gastric irritation and erosion but their scientific evaluation is not made yet.\[[@ref1]--[@ref5]\] Sookty Bhasma, Kapur Kachli are used as antiulcer and local inflammatory agents, respectively, while Jatamansi, Ganthoda, and Khurasani Ajvayan are used as antispasmodic agents.\[[@ref6]\] After realizing the potential use of SKN, the present study was undertaken to evaluate the toxicities and antiulcer effect of SKN on different gastric ulcer model in rats.

MATERIALS AND METHODS {#sec1-2}
=====================

Sooktyn (Mineralo-herbal Formulation) {#sec2-1}
-------------------------------------

SKN, which is being used largely by the patients for its extremely good therapeutic value and its active constituents as Sookty Bhasma (112.5 mg), Kapur Kachli (80 mg), Jatamansi (40 mg), Ganthoda (30 mg), Khurasani Ajvayan (30 mg), Kelpan Rakh (30 mg), Vachha (10 mg), and Datura Pan (5 mg). It is purchased from the market of Jhansi, UP (India), and manufactured by ALARSIN, 205, GIDC, Pandesara, Alarsin House, A/32, St. No. 3, MIDC Andheri (E), Mumbai, India.

Animals {#sec2-2}
-------

Swiss albino rats of either sex were obtained from animal house of the department. They were housed in an environmentally regulated room on a 12 hours light: 12 hours dark cycle with 25 ± 2° C and had free access to food and water. The experimental protocol was approved by the Institutional Animal Ethical Committee of University and experiments were conducted according to the CPCSEA, India (CPCSEA-837/ac/2004) guidelines on the use and care of experimental animals.

Experimental Design {#sec2-3}
-------------------

Acute oral toxicity {#sec2-4}
-------------------

SKN at the dose level 2 000 mg/kg (orally) were used for acute oral toxicity study according to Organization for Economic Cooperation Development (OECD) guideline 423.\[[@ref7]\] Three female rats, each sequentially dosed at intervals of 48 hours, were used for the test. Once-daily cage side observations included changes in skin, fur, eyes, mucous membrane (nasal), autonomic (salivation, lacrimation, perspiration, piloerection, urinary incontinence, and defecation), and central nervous system (drowsiness, gait, tremors, and convulsions) changes. Mortality, if any, was determined over a period of 2 weeks.

Sub-chronic oral toxicity {#sec2-5}
-------------------------

In this, the animals were divided into three groups of 10 animals each (5 males and 5 females). Group 1 received 0.025% CMC in water and served as control. Groups 2 and 3 received 400 and 800 mg/kg SKN (suspended in 0.025% CMC solution) body weight orally, respectively. The drug was administered daily for 28 days at the same time and observed at least twice for morbidity and mortality. Body weights and food consumption of the animals were evaluated weekly. This sub-chronic oral toxicity study was carried out according to OECD guideline 407.\[[@ref8][@ref9]\]

On the 29^th^ day, of the sub-chronic oral toxicity, after an overnight fast, the rats were anesthetized with ether and blood sample for hematological and biochemical analysis were collected by cardiac puncture method into tubes with and without Ethylenediamine tetra acetate (EDTA), respectively. Animals in the study were also subjected to a full, detailed gross necropsy. Organ weights (heart, kidney, liver, spleen, and testis) were also recorded. The liver samples from different groups were preserved in 10% buffered formalin and processed for routine paraffin block preparation. Sections of thickness of about 5 μm were cut and stained with hematoxylin and eosin.

Anti-ulcer activity {#sec2-6}
-------------------

### Indomethacin-induced ulcer {#sec3-1}

The experiment was performed by the standard method with some modifications.\[[@ref10]\] Wister albino rats were fasted for 18 hours and deprived of water for 12 hours. Animals were divided into four groups (n = 6). The animals in group 1 served as a vehicle control which received 0.025% CMC solution. Animals in groups 2 and 3 were administered with SKN at the doses of 30 and 40 mg/kg p.o., respectively, 1 hour before the indomethacin administration (20 mg/kg p.o.). Group 4 was administered with the reference drug lansoprazole (20 mg/kg p.o.). The animals were sacrificed after 1 hour. Each stomach was then opened along the greater curvature, rinsed with normal saline, and examined grossly. The ulcers were graded using the following scoring system:

0 = normal mucosa

0.5 = blushing

1 = spot ulcers

1.5 = hemorrhage streaks

2 = ulcers \> 3 mm but \< 5 mm

2.5 = ulcers \> 5 mm

### Ethanol-induced ulcer {#sec3-2}

The experiment was performed according to the method of Morimoto and De Andrade.\[[@ref11][@ref12]\] After 12 hours of fasting, the rats were randomly divided into four groups of six animals each. The animals in group 1 served as a vehicle control which received 0.025% CMC solution. Animals in groups 2 and 3 were administered with SKN at the doses of 30 and 40 mg/kg p.o., respectively. All the treatments were administered orally. One hour after treatment, all the rats received 1 ml of absolute ethanol to induce gastric ulcer. One hour later, the animals were sacrificed by cervical dislocation, and the stomachs were removed and opened along the greater curvature. The stomachs were gently rinsed with water to remove the gastric contents and ulcers were graded as described previously.

### Ulcer induced by pylorus ligation {#sec3-3}

Pyloric ligation was performed after 18 hours of treatment with respective groups.\[[@ref13]\] The animals in group 1 served as a vehicle control which received 0.025% CMC solution. Animals in groups 2 and 3 were administered with SKN at the doses of 30 and 40 mg/kg p.o., respectively. Briefly, the abdomen of the animals was opened under ether anesthesia by a small midline incision below the xiphoid process; pyloric portion of the stomach was slightly lifted out and ligated avoiding damage to its blood supply. The stomach was replaced and the abdominal wall closed by interrupted sutures. The animals were sacrificed 4 hours after pylorus ligation. Stomach was dissected out, and the gastric juice drained into a small beaker and cut opened along the greater curvature and ulcer index was determined as mentioned earlier. The gastric juice was centrifuged for 10minutes at 2 000 rpm. The supernatant was collected and used for the estimation of volume of gastric juice, pH, free acidity, and total acidity. The volume was noted and expressed as ml/100 g/4 hrs and pH was measured using pH meter. Estimation of free and total acidity was carried out by the method of Card using gastric juice.\[[@ref14]\] Free acidity and total acidity were determined by titrating with 0.01N sodium hydroxide using Topfer\'s reagent and phenolphthalein as indicator, respectively. The acidity was expressed as mEq/L/100 g and acid output as mEq/100 g/4 hrs.\[[@ref15]\]

### Hypothermic restraint stress-induced ulcer {#sec3-4}

The experiment was performed by the method of Antonio,\[[@ref16]\] with some modifications. Rats were fasted for 36 hours and then immobilized in a restraint cage at 4° C for 4 hours. SKN (30 and 40 mg/kg), lansoprazole (20 mg/kg), or the vehicle was administered 1 hour before the stress procedure. The animals were then killed by cervical dislocation for ulcer index determination as described previously.

RESULTS {#sec1-3}
=======

Acute Oral Toxicity {#sec2-7}
-------------------

In the present study, single dose oral administration of SKN in female rats at 2 000 mg/kg had no effect on mortality, clinical signs, body weight change, or gross observation. Therefore, no acute toxicity was found in rats treated with SKN and lethal doses might be higher than 2 000 mg/kg.

Sub-chronic Oral Toxicity {#sec2-8}
-------------------------

Body weight and food consumption {#sec2-9}
--------------------------------

There was no significant difference in body weights of male and female rats between their respective control and treatment groups \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. There was no significant difference between food consumption of SKN-treated male and female rats as compared with their respective control.

![Body weight gain in rats treated orally with vehicle, Sooktyn (SKN, 400 mg/kg), and Sooktyn (SKN, 800 mg/kg) for 28 days. Results are mean ± SEM, n = 5. ANOVA, *P* \> 0.05 between groups in the same day. (a) for male rats and (b) for female rats](JAPTR-3-117-g001){#F1}

![Food consumption by the rats treated orally with vehicle, Sooktyn (SKN, 400 mg/kg), and Sooktyn (SKN, 800 mg/kg) for 28 days. Results are mean ± SEM, n = 5. ANOVA, *P* \> 0.05 between groups in the same day. (a) for male rats and (b) for female rats](JAPTR-3-117-g002){#F2}

Hematological and Biochemical Analysis {#sec2-10}
--------------------------------------

The status of bone marrow activity and intravascular effects were monitored by hematological examination as summarized in [Table 1](#T1){ref-type="table"} and biochemical parameters such as, urea, sugar, alanine transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), total proteins, and creatinine were studied and are presented in [Table 2](#T2){ref-type="table"}.

###### 

Hematological parameters for rats after 28 days treatment with vehicle and Sooktyn at two doses in male and female rats

![](JAPTR-3-117-g003)

###### 

Biochemical parameters for rats after 28 days treatment with vehicle and Sooktyn at two doses in male and female rats

![](JAPTR-3-117-g004)

Organs weight {#sec2-11}
-------------

The absolute organ weights in all treated groups of both sexes at the doses level of 400 and 800 mg/kg/day of SKN in the repeated dose 28 days oral toxicity study were not significantly different from their respective control groups with the exception of the liver weight of female rats that was slightly higher than the controls at dose level 800 mg/kg/day. The results are presented in [Figure 3](#F3){ref-type="fig"}.

![Effects of vehicle and the Sooktyn (SKN, 400 mg/kg) and sooktyn (SKN, 800 mg/kg) orally, on the organ weights of the rats for repeated oral toxicity study for 28 days. Each column and vertical bar represents the mean ± SEM of five animals. ANOVA, *P* \> 0.05 between groups in the same day. (a) for male rats and (b) for female rats](JAPTR-3-117-g005){#F3}

Histopathological studies {#sec2-12}
-------------------------

There were no significant changes in liver cells in control and treated male and female rats. Sections of liver are shown in Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}.

![Photomicrographs of liver histopathology from representative male rats: (a) Control group. (b) Sooktyn (SKN) (400 mg/kg/day) group, and (c) SKN (800 mg/kg/day) group (hematoxylin-eosin stain)](JAPTR-3-117-g006){#F4}

![Photomicrographs of liver histopathology from representative female rats: (a) Control group. (b) SKN (400 mg/ kg/day) group, and (c) Sooktyn (SKN) (800 mg/kg/day) group (hematoxylin-eosin stain)](JAPTR-3-117-g007){#F5}

Anti-ulcer Activity {#sec2-13}
-------------------

Indomethacin-induced ulcer {#sec2-14}
--------------------------

As tabulated in [Table 3](#T3){ref-type="table"}, the administration of indomethacin produced lesions in the gastric mucosa (16.24 ± 0.53) in control animals that were pre-treated with 0.025% CMC suspension, which were reduced in the animals pre-treated with SKN 30 mg/kg (5.92 ± 0.58; *P* \< 0.05), SKN 40 (5.42 ± 0.47; *P* \< 0.001), or 20 mg/kg lansoprazole (5.32 ± 0.39; *P* \< 0.001).

###### 

Effect of Sooktyn on indomethacininduced ulceration in rats

![](JAPTR-3-117-g008)

Ethanol-induced ulcer {#sec2-15}
---------------------

In the ethanol-induced ulcer model, it was observed that the treatment with SKN (30 and 40 mg/kg) and lansoprazole (20 mg/kg) reduces the ulcer index in comparison with negative control group (*P* \< 0.05). The percentages of inhibition of ulcers were 71.3 ± 5.5, 72.7 ± 6.3, 76.5 ± 7.1, and 92.3 ± 7.5 for the groups treated with 30 and 40 mg/kg of SKN and positive control (lansoprazole), respectively. These results are summarized in [Table 4](#T4){ref-type="table"}.

###### 

Effect of Sooktyn on ethanol-induced ulceration in rats

![](JAPTR-3-117-g009)

Ulcer induced by pylorus ligation {#sec2-16}
---------------------------------

Pylorus ligation-induced ulcers were reduced in the animals pre-treated with SKN 30 mg/kg (4.62 ± 0.36; *P* \< 0.01), SKN 40 (3.62 ± 0.41; *P* \< 0.001), or 20 mg/kg lansoprazole (3.18 ± 0.54; *P* \< 0.001), when compared with the control animals that were pre-treated only with the vehicle. Results are presented in [Table 5](#T5){ref-type="table"} and [Figure 6](#F6){ref-type="fig"}.

###### 

Effect of Sooktyn on pylorus ligationinduced ulceration in rats

![](JAPTR-3-117-g010)

![Effects of vehicle, Sooktyn (SKN, 30 mg/kg), and Sooktyn (SKN, 40 mg/kg) given orally to the respective groups. Columns for gastric volume (ml/100 g/4 hrs), pH, free acidity (mEq/L/100 g), total acidity (mEq/L/100 g) and vertical bar represents the mean±SEM of six animals. ANOVA, \*(*P* \< 0.05), \*\*(*P* \< 0.01) and \*\*\*(*P* \< 0.001) against their control](JAPTR-3-117-g011){#F6}

Hypothermic restraint stress-induced ulcer {#sec2-17}
------------------------------------------

In the hypothermic restraint stress ulcer model, a significant reduction in ulcer index was observed in animals treated with SKN (30 and 40 mg/kg) and lansoprazole (20mg/kg), in comparison with negative control group. The percentages of inhibition of ulcers were 68.97, 74.76, and 78.25 for the groups treated with 30 and 40 mg/kg of SKN and positive control (lansoprazole), respectively. These results are summarized in [Table 6](#T6){ref-type="table"}.

###### 

Effect of Sooktyn on hypothermicstress-induced ulceration in rats

![](JAPTR-3-117-g012)

DISCUSSION {#sec1-4}
==========

To determine the safety of drugs composed of minerals and plants for human use, toxicological evaluation is carried out in various experimental animals to predict toxicity and to provide guidelines for selecting a "safe" dose in human beings. The highest overall concordance of toxicity in animals with human beings is with hematological, gastrointestinal, and cardiovascular adverse effects,\[[@ref17]\] while certain adverse effects in human beings, especially hypersensitivity and idiosyncratic reactions, are poorly correlated with toxicity observed in animals. Nevertheless, the evaluation of adverse effects of sub-chronic studies in experimental animals may be more relevant in determining the overall toxicity of the plant/mineralo-herbal preparation. Acute toxicity studies have to be conducted first to select proper dose(s) for sub-chronic studies; the doses selected for sub-chronic toxicity studies should be at and above the suggested human dose. The relative organ weight changes observed included increased heart and lungs weight in male and female rats. The slight changes in the absolute and relative organ weights were considered not to be treatment related because the values were within the normal laboratory range and no abnormality was noted with respect to gross or histopathological examinations of all organs examined.

Analysis of blood parameters is relevant to risk evaluation as the changes in the hematological system have a higher predictive value for human toxicity, when the data are translated from animal studies.\[[@ref17]\] The hematological profile of treated rats showed no significant difference with control group. Although not significant, a global increase was observed in hematocrit, hemoglobin concentration, and platelets, implying that there may be a possible increase in erythropoiesis with increasing doses of SKN. Sub-chronic administration of SKN caused significant decrease in the levels of total protein, AST, ALT, and ALP. These observations of significant decrease in the levels of liver enzymes may indicate that SKN has liver protective effects.\[[@ref18][@ref19]\]

Nonsteroidal antiinflammatory drugs (NSAIDs) (indomethacin) are known to induce ulcers during the course of anti-inflammatory therapy, by inhibiting prostaglandin synthetase through the cycloxygenase pathway.\[[@ref20]\] In the stomach, prostaglandins play a vital protective role, stimulating the secretion of bicarbonate and mucus, maintaining mucosal blood flow, and regulating mucosal cell turnover and repair.\[[@ref12]\] Thus, the suppression of prostaglandin synthesis by NSAIDs results in increased susceptibility to mucosal injury and gastro-duodenal ulceration. It was observed that SKN displayed significant reduction of the ulcer index in the indomethacin-induced ulcer model. These results suggest the possible involvement of prostaglandins and/or mucus in the antiulcer effect of the extract.

However, an important anti-ulcerogenic effect was observed in the ethanol-induced ulcers. Ethanol-induced gastric damage may be due to stasis in gastric blood flow, which contributes to the development of hemorrhage and necrotic aspects of tissue injury. This action is direct upon the gastric epithelium, also causing perturbation of mast cells and release of a vasoactive mediator such as histamine. Some scientist believes that changes in gastric circulation after ethanol administration remain unknown, but it has been reported that microcirculation damage can be prevented by prostaglandin administration.\[[@ref21][@ref22]\] On the other hand, ethanol-induced gastric lesions are thought to arise as a result of direct damage to gastric mucosal cells, resulting in the development of free radicals and hyperoxidation of lipids.\[[@ref23][@ref24]\] This suggests that antioxidant compounds could be active in this experimental model, producing an antiulcerogenic effect, because these substances are capable of settling on the membrane and counteracting lipid peroxide formation.\[[@ref25]\]

Another important protective factor is the inhibition of acid secretion,\[[@ref26]\] since when levels of acid overwhelm mucosal defense mechanisms, this leads to ulcer formation.\[[@ref27]\] In this, oral administration of SKN was tested in the pylorus ligature model, where SKN reduced the ulcer index. Also, gastric volume (ml/100 g), pH, free acidity (mEq/L/100 g), and total acidity (mEq/L/100 g) were reduced during 4 hours of pylorus ligature in rats treated either with SKN or lansoprazole.

Hypothermic restraint-stress-induced ulcer is a well-accepted model for the induction of gastric ulcer. In this, incidence of ulcers is mainly due to increased acid secretion and generation of free radicals. SKN has significantly decreased the ulcer index in this model when compared with control and might be anti-stress and antioxidant activity of SKN which could be suggestive of the free radical scavenging effect of the same.\[[@ref28]\]

Conclusively, the results suggest that SKN has no signs of toxicity at 2 000 mg/kg body weight of rats orally; sub-chronically. The drug is safe and has antiulcer activity.
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